RNAs could regulate lin-14 translation by an antisense ‡ Present address:
. Southern Blot of Genomic DNAs from Wild-Type and linGenomic clone pVT2D was identified by hybridization to Y18C1, as 4(e912) Animals Digested with Various Restriction Endonucleases and described in Experimental Procedures and in the text. Derivatives of
Hybridized with pVT2D Probe pVT2D were constructed by treatment with restriction enzymes or ExSimilar amounts of wild-type and lin-4(e912) DNA were loaded. For oIII nuclease (see Experimental Procedures). Dotted lines indicate a each enzyme, the hybridization in e912 DNA is to a band of weaker change in scale. Plus: the cloned DNA rescued the mutant phenotype intensity and of altered size (smaller for each enzyme except Clal) of lin-14(e912), as described in Experimental Procedures. Minus: no than that in wild-type DNA, consistent with a deletion in e912 DNA of rescue was observed in any of at least three transgenic lines. Nonressequences corresponding to the pVT2D probe. cuing lines were confirmed to contain the plasmid DNA by PCR. Plus/ minus: weak rescue was observed, i.e., the appearance of vulval morphogenesis and lateral alae on the adult cuticle was observed, but without complete rescue of egg-laying defects. The e912 lesion deletes most of pVT2D sequences. One breakpoint was determined to lie bebridization to Y18C1 and Y42A4, as described in Experi- 2), pVT1C, pVT6G, and an overlapping cosmid clone, C02B6 (data not shown), detected restriction fragment aberrations on southern blots of lin-4(e912) DNA, indicating that the e912 lesion must extend over several kb of DNA. We have not characterized the e912 lesion in detail, except Results to determine that sequences corresponding to both pVT2D and pVT1C are at least partially deleted, and that the Identification of C. elegans lin-4 Genomic DNA pVT6G insert fragment seems to be rearranged and possilin-4 is located on the C. elegans genetic map in a region bly duplicated (data not shown; see legend to Figure 1 ). of LGII between bli-3 and dpy-10 (Wood et al., 1988) (Fig- Functional lin-4 sequences were localized to pVT2D by ure 1). We mapped the positions of restriction fragment transformation rescue. pVT2D, pVT2DCla (a 3.2 kb sublength polymorphisms (RFLPs) in the bli-3-dpy-10 interval clone of pVT2D), and C02B6 (a cosmid clone that overlaps with respect to lin-4, as described in Experimental ProcepVT2D) rescued the mutant phenotype of lin-4(e912) anidures. Among the RFLPs that we analyzed, maP12, demals in transgenic lines generated by microinjection of the tected by cosmid ZK459, mapped closest to lin-4, and to cloned DNA ( We cloned the wild-type sequences corresponding to rescue of lin-4(e912) defects in transgenic animals. A subclone (pVTSal3) containing a 693 bp Sall fragment (see the e912-affected 5 kb band based on its differential hy- The C. elegans lin-4 genomic clone pVT2DCla and the C. briggsae, C. remanei, and C. vulgaris lin-4 clones were a hundred base pairs (bp) of the corresponding genomic Sall fragment remain in lin-4(e912) DNA, strongly sugsequenced as described in Experimental Procedures. Among the four Caenorhabditis species, two main blocks gesting that e912 completely eliminates lin-4 gene activity (Figure 1) . The fact that the 693 bp Sall fragment rescues of phylogenetically conserved DNA sequence were observed within the lin-4 rescuing (pVTSal) region, one from in either orientation in the vector (i.e., pVTSal6 or pVTSal3) indicates that rescue probably does not depend on seapproximately base pair 85 to base pair 350 of pVTSal3, and another from about base pair 500 to base pair 600 quences within the vector and that the complete lin-4 gene is included in these 693 bp.
( Figure 3A) . The sequence conservation consists of stretches of complete identity, interspersed with short stretches of divergence, and insertions and deletions of Phylogenetic Comparison of 1 or more bp. Outside the sequences corresponding to lin-4 Genomic Sequence the 693 bp pVTSal3 insert, the sequences of these four C. briggsae and C. remanei lin-4 clones were identified species are less well conserved (data not shown). The by hybridization to a C. elegans lin-4 probe, and a C. vulfact that the lin-4 clones from four Caenorhabditis species garis lin-4 clone was constructed using polymerase chain function in C. elegans indicates that they encode similar reaction (PCR)-amplified genomic DNA as described in functionally related gene products. Experimental Procedures, The C. briggsae, C. remanei, and C. vulgaris clones were tested for rescue of the mutant phenotypes of lin-4(e912) and were found to be fully funclin-4 Is Unlikely to Encode a Protein A probe from pVT2DCla was used to screen a cDNA litional for rescue in C. elegans. It is likely that the clones from C. briggsae, C. remanei, and C. vulgaris correspond brary. The clones that were isolated and sequenced all contained DNA corresponding to genomic sequences that to the lin-4 locus of each species, because they all function in C. elegans, and because lin-4 seems to be a single copy were almost entirely outside the 693 bp Sall (pVTSal) rescuing region. Comparison of these cDNA sequences with gene in C. elegans (Figure 2) . 4 ) was hybridized to total N2 RNA and then digested with S1 nuclease at DNA sequence (see Figures 3 and 4) . The oligonucleotide primer used to map the 5Ј end of lin-4L (rfMGH-3, see different temperatures. At 15ЊC, the S1 digestion produced protected products that ranged from 19-22 nt, while at Figure 4) should not have detected lin-4S transcripts, owing to the limited complementarity (6 bp) between the 37ЊC, protected products were predominantly 17-21 nt long (see Figure 7B ). These mapping data agree with the primer and lin-4S. S1 analysis confirmed the 5Ј end of lin-4L determined by the above primer extension experiment. estimated size for lin-4S of 20 Ϯ 2 nt from Northern blots and RNAase protection experiments (see Figure 5 ). This Three S1 digestion products of 40, 41, and 42 nt were obtained ( Figure 6B ). The largest product corresponded suggests that lin-4S is identical in sequence to the first 22 nt of lin-4L (see Figures 3 and 4) . to the same 5Ј end as that identified by primer extension. The smaller bands presumably are due to breathing of the DNA:RNA hybrid during the S1 digestion.
lin-4 Mutations Affect lin-4L and lin-4S
As mentioned previously, neither lin-4 transcript was deThe 3Ј end of lin-4L was also mapped by S1 analysis. A set of S1 digestion products ranging from 42 to 46 nt tectable in the single previously isolated lin-4 mutant, e912. This was not unexpected, since the e912 lesion is a delewas obtained ( Figure 6C ). The two most abundant species Single-stranded lin-4 sequences (one strand only) were amplified rfMGH12. rfMGH12 was 5Ј end-labeled using [␥-32 P]ATP and T4 polynucleotide kinase according to standard procedures (Ausubel et al., from ma161 genomic DNA using PCR and a 500-fold excess of primer rf2 to rcl2. The region amplified using these primers included all of 1989). Hybridization and wash conditions were as designated for oligonucleotide probes in the Zeta-Probe Blotting Membranes instruction the 693 bp Sall fragment and about 100 bp 5Ј of this region. Two separate PCR amplifications were performed, and the single-stranded manual. In some cases, DNA oligonucleotides (4 g of 69mer, 3 g of 33mer, 7 g of 19mer) were run as size markers on the gel. This pools were sequenced in parallel to avoid potential sequence alterations introduced by Taq polymerase. Primers used for sequencing marker lane was cut from the gel prior to blotting and stained in 10 g/ml ethidium bromide for several hours and visualized by UV illumiwere rcl2, rcl7, and rf3.
nation.
C. elegans Transformation
Plasmids for injection were prepared by standard alkaline lysis mini-S1 Nuclease Protection prep procedure, followed by polyethylene glycol precipitation (Ausubel S1 analysis using oligonucleotide probes was as described ( S1 digestion reactions contained 300 units of S1 nuclease and were F1 Vab-Rollers and determining whether they were Non-Lin. For VT460, at 37ЊC unless otherwise noted. S1 digestion products were analyzed rescue was signified by F1 Rolling animals that produced progeny on 10-12% urea-acrylamide gel, and the gels were exposed wet to among which none of the Lin animals were Rolling, and all of the XAR-5 film. Probes were generated as described below. rfMGH1 was non-Lin animals were Rolling. From such rescued F1 animals, trans-5Ј end-labeled using [␥-32 P]ATP and T4 polynucleotide kinase under formed lines were established that continued to exhibit rescue. Lines standard reaction conditions. rfMGH5 was labeled at its 3Ј end as were also established for clones that failed to rescue, and these were follows: 300 ng of rfMGH5 and 350 ng of rfMGH6 were resuspended analyzed by PCR to establish that they contained the injected DNA. 
